The objective of this study was to investigate the effect of the degree and duration of early dietary AA restrictions on subsequent and overall pig performance and physical and sensory characteristics of pork. For the grower (G) and finisher-1 (F1) phases, 3 corn-soybean meal diets were formulated to contain 100, 80, or 60% of the 1998 NRC total Lys recommendations (100G, 80G, or 60G, and 100F1, 80F1, or 60F1, for the G and F1 phases, respectively). For the finisher-2 (F2) phase, a common corn-soybean meal diet was formulated to satisfy the 1998 NRC total Lys recommendation. Thirty gilts and 30 castrated males (2 gilts or 2 castrated males/pen) were randomly assigned to 5 dietary treatments (100G-100F1, 80G-100F1, 80G-80F1, 60G-100F1, and 60G-60F1) when BW was 22.7 ± 0.3 kg. Pigs were switched to F1 and F2 diets at 50.7 ± 0.4 and 79.9 ± 0.5 kg of BW, respectively. Pigs had ad libitum access to feed and water. All pigs were slaughtered at 110.7 ± 0.5 kg of BW, and LM samples were collected. Pigs fed the 60G diet had less (P ≤ 0.05) ADG during the G phase and greater (P ≤ 0.05) ultrasound backfat (UBF) at the end of the G phase than those fed the 100G diet. The ADG decreased linearly (R 2 = 0.70; P < 0.001) as the degree of AA restrictions became more severe. Although serum total protein (TP) and albumin concentrations in pigs fed the 60G-100F1 diets were less (P ≤ 0.05) than those fed the 100G-100F1 diets at the end of the G phase, TP concentration was similar between the 2 groups at the end of the F1 phase. Likewise, ADG during the F1 phase and UBF at the end of the F1 phase in pigs fed the 60G-100F1 diets were similar to those fed the 100G-100F1 diets. Feeding the 80G diet resulted in numerically decreased ADG during the G phase, but there was no difference in ADG during the F1 and F2 phases or UBF at the end of F1 and F2 phases between pigs fed the 80G and 100G diets. Overall, pigs fed the 80G-80F1 diets had similar ADG, but less (P ≤ 0.05) fat-free lean gain (LG) than those fed the 100G-100F1 diets. These pigs also had less (P ≤ 0.05) serum TP and albumin concentrations than pigs fed the 100G-100F1 diets throughout the study. Pigs fed the 60G-60F1 diets had less (P ≤ 0.05) overall ADG and G:F and less (P ≤ 0.05) LM area and LG than those fed the 100G-100F1 diets. However, they had a greater (P ≤ 0.05) subjective marbling score than those fed the 100G-100F1 diets. The results indicated that pigs fed the 80G-80F1 diets may have exhibited compensatory growth in BW gain, but not in terms of lean accretion. Growth performance and carcass traits of pigs fed the 60G-60F1 diets were reduced, indicating that the restriction may have been too severe or too long or both. Early dietary AA restrictions had no clear effect on physical and sensory characteristics of pork.
ABSTRACT:
The objective of this study was to investigate the effect of the degree and duration of early dietary AA restrictions on subsequent and overall pig performance and physical and sensory characteristics of pork. For the grower (G) and finisher-1 (F1) phases, 3 corn-soybean meal diets were formulated to contain 100, 80, or 60% of the 1998 NRC total Lys recommendations (100G, 80G, or 60G, and 100F1, 80F1, or 60F1, for the G and F1 phases, respectively). For the finisher-2 (F2) phase, a common corn-soybean meal diet was formulated to satisfy the 1998 NRC total Lys recommendation. Thirty gilts and 30 castrated males (2 gilts or 2 castrated males/pen) were randomly assigned to 5 dietary treatments (100G-100F1, 80G-100F1, 80G-80F1, 60G-100F1, and 60G-60F1) when BW was 22.7 ± 0.3 kg. Pigs were switched to F1 and F2 diets at 50.7 ± 0.4 and 79.9 ± 0.5 kg of BW, respectively. Pigs had ad libitum access to feed and water. All pigs were slaughtered at 110.7 ± 0.5 kg of BW, and LM samples were collected. Pigs fed the 60G diet had less (P ≤ 0.05) ADG during the G phase and greater (P ≤ 0.05) ultrasound backfat (UBF) at the end of the G phase than those fed the 100G diet. The ADG decreased linearly (R 2 = 0.70; P < 0.001) as the degree of AA restrictions became more severe. Although serum total protein (TP) and albumin concentrations in pigs fed the 60G-100F1 diets were less (P ≤ 0.05) than those fed the 100G-100F1 diets at the end of the G phase, TP concentration was similar between the 2 groups at the end of the F1 phase. Likewise, ADG during the F1 phase and UBF at the end of the F1 phase in pigs fed the 60G-100F1 diets were similar to those fed the 100G-100F1 diets. Feeding the 80G diet resulted in numerically decreased ADG during the G phase, but there was no difference in ADG during the F1 and F2 phases or UBF at the end of F1 and F2 phases between pigs fed the 80G and 100G diets. Overall, pigs fed the 80G-80F1 diets had similar ADG, but less (P ≤ 0.05) fat-free lean gain (LG) than those fed the 100G-100F1 diets. These pigs also had less (P ≤ 0.05) serum TP and albumin concentrations than pigs fed the 100G-100F1 diets throughout the study. Pigs fed the 60G-60F1 diets had less (P ≤ 0.05) overall ADG and G:F and less (P ≤ 0.05) LM area and LG than those fed the 100G-100F1 diets. However, they had a greater (P ≤ 0.05) subjective marbling score than those fed the 100G-100F1 diets. The results indicated that pigs fed the 80G-80F1 diets may have exhibited compensatory growth in BW gain, but not in terms of lean accretion. Growth performance and carcass traits of pigs fed the 60G-60F1 diets were reduced, indicating that the restriction may have been too severe or too long or both. Early dietary AA restrictions had no clear effect on physical and sensory characteristics of pork.
INTRODUCTION
Satisfying the consumer by providing high-quality pork is an integral part of successful and sustainable pig production. Unfortunately, the effort to satisfy consumer demands by producing leaner pigs in recent years has resulted in a reduction of marbling, which has adverse effects on eating quality of pork (Cisneros et al., 1996; Gerbens et al., 2001 ). Because of a poor relationship between marbling and subcutaneous fat thickness (Jones et al., 1992) , it is possible that marbling can be increased while maintaining leanness of pigs. Furthermore, increasing marbling may have some beneficial attributes on human health (Baghurst, 2004) .
The leanness of pigs can be improved by early dietary AA restrictions (Chiba, 1995; Chiba et al., 1999) , implying that compensatory growth may have a negative effect on eating quality of pork. However, it has been shown that feeding protein-deficient diets can actually increase marbling (Castell et al., 1994; Cisneros et al., 1996; Blanchard et al., 1999) . Unfortunately, growth performance was reduced in those studies because pigs were fed protein-deficient diets during the entire grower-finisher phase. It is possible that growth depression can be avoided by taking advantage of compensatory growth.
The results of our previous studies have indicated that pigs subjected to early dietary AA restrictions can exhibit compensatory growth (Chiba, 1994 (Chiba, , 1995 Chiba et al., 1999 Chiba et al., , 2002 Fabian et al., 2002 Fabian et al., , 2004 , utilize nutrients more efficiently Fabian et al., 2004) , have better carcass traits (Chiba, 1995; Chiba et al., 1999) , and reduce N excretion (Fabian et al., 2004) . Obviously, alleviating public concerns on the environmental issues is imperative for sustainable pig production (Chiba, 2000) . Compensatory growth, therefore, may have a positive impact on the overall efficiency of pig production, carcass quality of pigs, eating quality of pork, and beneficial effects on the environment.
Recently, there have been some reports indicating that pork tenderness may be improved by early limit-feeding and realimentation Therkildsen et al., 2002; Lametsch et al., 2006) . There is, however, a lack of information on the effect of early dietary AA restrictions on physical and sensory characteristics of pork. Therefore, the objective of this study was to investigate the effect of degree and duration of early dietary AA restrictions on growth performance, serum metabolites, internal organ weights, and carcass traits of pigs, and subjective quality scores and physical and sensory characteristics of pork.
MATERIALS AND METHODS
The protocol for animal care was approved by the Institutional Animal Care and Use Committee of Auburn University.
Animals and Facilities
Thirty gilts and 30 castrated males (Yorkshire) approaching 20 kg of BW were selected and moved into an open-sided grower-finisher unit. Pigs were allocated to 30 pens (1.35 m 2 /pig) based on their BW, sex, and ancestry with 2 gilts or 2 castrated males per pen, and pens were assigned randomly to 5 dietary treatments. Because of the availability of pigs was at one time limited, the study was conducted in 2 trials. The first trial used 10 gilts and 10 castrated males, whereas the second trial used 20 gilts and 20 castrated males. Two trials were approximately 4 wk apart, and the average minimum and maximum daily temperatures during the study were 3.4 and 17.8°C, respectively.
When the average pen BW reached 22.7 ± 0.3 kg, pigs were offered the 3 grower (G) diets, and they were switched to finisher-1 (F1) and finisher-2 (F2) diets when BW reached 50.7 ± 0.4 kg and 79.9 ± 0.5 kg, respectively. Pig BW and feed consumption data were collected weekly. One pig was removed from the study because of rectal prolapse.
Dietary Treatments
Corn and soybean meal (SBM) diets were used in this study, and the chemical composition of corn and SBM is presented in Table 1 . A fundamental assumption of the dietary treatment was that Lys is the first-limiting AA in all diets. For the G and F1 phases, 3 corn-SBM diets were formulated to contain 100, 80, or 60% of the total Lys recommendation (100G, 80G, or 60G and 100F1, 80F1, or 60F1 for the G and F1 phases, respectively; NRC, 1998; Tables 2 and 3 ). Five dietary treatments or 5 combinations of the G and F1 diets offered were 1) 100G-100F1, 2) 80G-100F1, 3) 80G-80F1, 4) 60G-100F1, and 5) 60G-60F1. For the F2 phase, a common, corn-SBM diet was formulated to satisfy the total Lys recommendation (NRC, 1998; Table 3 ). The effort was not made to maintain a constant AA balance, but a proportion of each AA relative to Lys in each diet was above the balanced protein (NRC, 1998). The energy content was similar for all diets, and minerals and vitamins were provided in amounts calculated to meet or exceed the recommendations (NRC, 1998) . Feed samples were collected from every batch of feed mixed and were stored frozen until they were pooled, subsampled, and analyzed for CP (AOAC, 1995) . The results of the chemical analysis indicated that dietary CP contents were generally similar to the calculated values (Tables 2 and 3) .
Ultrasound Measurements and Blood Samples
For gross assessment of alterations in body composition during the restriction and realimentation phases, backfat thickness of each pig was measured 4 to 5 cm Amino acid restrictions and pork characteristics from the midline on the right side at the 10th rib at the end of the G, F-1, and F-2 phases using an ultrasound instrument (Lean-Meater, Renco, Minneapolis, MN). To assess metabolite profile, 10 mL of blood was collected from each pig via vena cava puncture using a sterile needle and syringe at the end of the G, F1, and F2 phases. All blood samples were collected in the morning between 1000 and 1200 h. Blood samples were allowed to clot and centrifuged at 1,500 × g for 15 min at room temperature to obtain cleaner serum samples, and an aliquot was stored frozen at −20°C until analyzed for urea N, total protein, albumin, glucose, triglycerides, and cholesterol using the auto analyzer (Boehringer Mannheim/Hitachi 911, Boehringer Manheim Corp, Indianapolis, IN) at Auburn University Clinical Pathology Laboratory Mule et al., 2006) .
Slaughter Procedures and Assessment of Physical and Sensory Characteristics of Pork
When the average pen BW was 110.7 ± 0.5 kg, pigs were slaughtered at Auburn University Meat Laboratory using conventional procedures after a 24-h fast. The eviscerated carcass was split longitudinally through the vertebrae midline, and HCW was recorded. For gross assessment of metabolic alterations, heart, liver, and kidneys were collected and weighed separately. After chilling for 48 h at 2°C, each carcass was weighed, and backfat thicknesses at the first rib, last rib, and last lumbar vertebra were measured. Longissimus muscle of the right side was exposed by a perpendicular cut between the 10th and 11th rib, and LM area was traced. Backfat thickness at the 10th rib (about 3/4 distance along the LM toward the belly) was also measured. The exposed LM was used to determine subjective color, firmness, marbling, and muscling scores (NPPC, 1991) . The proportion of carcass lean and the rate of carcass lean accretion were estimated by equations reported by NPPC (2000). A section of LM from the 10th to 12th rib was removed from each pig, and two 2.54-cm chops were used for sensory evaluation and 2 chops for shear force determination. Samples were vacuum packaged and frozen for later analysis. Chops were thawed in vacuum package bags at 4°C for 24 h, removed from the bags, weighed, and cooked to an internal temperature of 70°C on a grill (model No. GRV120, Salton Inc., Miramar, FL). Chops were removed from the grill and weighed to estimate cook loss. For the assessment of sensory evaluation of pork, cooked chops were cut into 1 × 1 × 1 cm pieces and held in metal double-stack poachers filled with sand and placed in warming oven for a minimal period of time before the evaluation. Each sample was evaluated in duplicate (AMSA, 1995) by a minimum of 6 experienced sensory panelists. Each sample was evaluated on an 8-point scale for initial and sustained juiciness, initial and sustained tenderness, flavor intensity, and pork flavor (with 1 being extremely dry, extremely tough, extremely bland, and extremely uncharacteristic of pork, respectively, and with 8 being extremely juicy, extremely tender, extremely intense, and extremely characteristic of pork, respectively).
For shear force determination, chops were prepared and cooked as described previously. Chops were removed from the grill, weighed, and stored at 4°C for 24 h on a metal pan covered with a polyvinyl chloride wrap. Three 1.27-cm cores were taken from each of 2 chops parallel to the orientation of muscle fibers and sheared once perpendicular to the length of the core using a Warner-Bratzler shear force (model No. 1955 , G-R Electric Manufacturing Co., Manhattan, KS). Peak force from each core was recorded in kilograms, and 6 core readings per sample were averaged (AMSA, 1995) .
Statistical Analysis
The data were analyzed using the GLM procedure (SAS Inst. Inc., Cary, NC). Initially, the data for the 2 trials were tested for homogeneity of variance (Steel and Torrie, 1980) . The results indicated that the variances for 2 trials were homogenous; thus, the data were combined and analyzed accordingly. The treatment, sex, trial, and appropriate covariates were included in the statistical models initially, and the covariate(s) that did not reach a statistically significant trend (i.e., P > 0.10) was deleted from the final model. The initial and final BW for the growth performance data, the final BW for serum metabolite data, and the HCW for the carcass, internal organ weight, and physical and sensory characteristics were initially considered as a covariate(s). The effect of dietary treatments was assessed using the PDIFF option of SAS when the overall F-ratio was statistically significant (P ≤ 0.05). The pen was considered as the experimental unit in the statistical analysis. In addition, regressions were developed to describe the relationship between growth performance during the grower phase and the degree of early dietary AA restrictions. 
RESULTS

Growth Performance
There were no differences in feed intake of pigs fed different diets during the G-phase (Table 4) . Pigs fed the 60G diet grew slower (P ≤ 0.05) than those fed the 80G or 100G diet. Pigs fed the 100G diet utilized feed more efficiently (P ≤ 0.05) for BW gain compared with those fed the 60G diet, but ADG and G:F did not differ between pigs fed the 100G and 80G diets. As expected, the Lys intake (LysI; representing indispensable AA) was greater (P ≤ 0.05) in pigs fed the 100G diet than those fed the 80G or 60G diet, and they utilized Lys less efficiently (P ≤ 0.05) for BW gain compared with those fed the 80G or 60G diet. The ultrasound backfat thickness at the end of the G phase was greater (P ≤ 0.05) in pigs fed the 60G diet than those pigs fed the 100G diet. During the G-phase, ADG decreased linearly as the degree of dietary AA restrictions increased (R 2 = 0.70; P < 0.001).
The feed intake of pigs subjected to different dietary treatments did not differ during the F1 phase. Pigs fed the 60G-60F1 diets grew (P ≤ 0.05) slower than those fed the other diet combinations. Pigs fed the 60G-100F1 diets had similar growth rate compared with those fed the 100G-100F1 diets and also tended to grow faster than those fed the 80G-100F1 diets (P = 0.087) and the 80G-80F1 diets (P = 0.072). Although there was no difference in ADG, pigs fed the 80G-80F1 diets had greater G:F (P ≤ 0.05) compared with those fed the 80G-100F1 diets. The G:F in pigs fed the 60G-100F1 diets was greater (P ≤ 0.05) than those fed the 80G-100F1 diets but did not differ with those fed the 100G-100F1 diets. The BW gain to LysI in pigs fed the 80G-80F1 diets was similar to those fed the 60G-60F1 diets but was greater (P ≤ 0.05) than those fed the 100G-100F1, 80G-100F1, or 60G-100F1 diets. There were no differences in the ultrasound backfat thickness at the end of the F1 phase among pigs receiving the various dietary treatments.
There were no differences among different dietary treatments in any of the growth performance criteria during the F2 phase. Similarly, ultrasound backfat thickness at the end of the F2 phase was not affected by the dietary treatment.
Overall, feed intake of pigs subjected to various combinations of the G and F1 diets did not differ. There Table 4 . Effect of the degree and duration of early dietary AA restrictions on growth performance of pigs during the grower, finisher-1, finisher-2 phases, and overall and ultrasound backfat thickness of pigs at the end of the grower, finisher-1, and finisher-2 phases a-c Within a row, means without common superscripts differ (P ≤ 0.05).
1 100G, 80G, or 60G and 100F1, 80F1, or 60F1: diets formulated to contain 100, 80, or 60% of total Lys recommendation (NRC, 1998) during the grower (G) and finisher-1 (F1) phases, respectively. Pigs were fed a common diet during the finisher-2 (F2) phase.
2
Least squares means based on 6 pens containing 2 gilts or 2 castrated males/pen; G diets: 22.7 ± 0.3 to 50.6 ± 0.4 kg, F1 diets: 50.6 ± 0.4 to 79.9 ± 0.5 kg, and F2 diets: 79.9 ± 0.5 to 110.7 ± 0.5 kg. Initially, the initial and final BW for the growth performance data and the final BW for the ultrasound backfat data were included as a covariate(s), and the covariate(s) was deleted from the final model if P > 0.10. were no differences in overall ADG of pigs fed the 80G-80F1 diets and those fed the 100G-100F1 diets. The LysI of pigs fed the 100G-100F1 diets was greater (P ≤ 0.05) than those fed the 80G-80F1, 60G-100F1, or 60G-60F1 diets. The G:F did not differ among pigs fed the 100G-100F1, 80G-80F1, and 60G-100F1 diets, whereas BW gain to LysI was greater (P ≤ 0.05) in pigs fed the 80G-80F1, 60G-100F1, and 60G-60F1 diets than those fed the 100G-100F1 or 80G-100F1 diets.
Carcass Characteristics and Organ Weights
The LM area was considerably less (P ≤ 0.05) in pigs fed the 60G-60F1 diets than those fed the 100G-100F1 or 80G-100F1 diets (Table 5 ). The fat-free lean gain (LG) was greater (P ≤ 0.05) in pigs fed the 100G-100F1 diets than those fed other combinations of the G and F1 diets. There were no differences in LG among pigs fed the 80G-100F1, 80G-80F1, and 60G-100F1 diets, but pigs fed the 60G-60F1 diets had less (P ≤ 0.05) LG compared with pigs fed those diets. Dietary treatments had no effect on average backfat thickness, 10th-rib backfat, or fat-free lean percentage. The LG:LysI was similar in pigs fed the 80G-100F1, 80G-80F1, and 60G-100F1 diets compared with those fed the 100G-100F1 diets. It was, however, less in pigs fed the 100G-100F1 or 80G-100F1 diets than those fed the 60G-60F1 diets. There were no differences in subjective color, firmness, and muscling scores among different dietary treatments, but subjective marbling score was greater (P ≤ 0.05) in pigs fed the 60G-60F1 diets than those fed the 100G-100F1, 80G-100F1, and 80G-80F1 diets. There were no differences in internal organ weights among pigs subjected to different degrees and durations of early dietary AA restrictions.
Serum Metabolites
At the end of the G phase, serum total protein and albumin concentrations were greater (P ≤ 0.05) in pigs fed the 100G-100F1 diets than those fed the 80G-80F1, 60G-100F1, and 60G-60F1 diets (Table 6) . Similarly, pigs fed the 100G-100F1 diets had greater (P ≤ 0.05) serum urea N concentration than those fed other combinations of the G and F1 diets. Serum cholesterol concentration was greater (P ≤ 0.05) in pigs fed the 60G-100F1 and 60G-60F1 diets than those fed the 80G-100F1 and 80G-80F1 diets. At the end of the F1 phase, there was no difference in serum total protein concentration in pigs fed the 60G-100F1 diets compared with those fed the 100G-100F1 diets. Serum total protein and albumin concentrations were less in pigs fed the 60G-60F1 diets than those fed other G and F1 diet combinations. There were no differences in urea N and glucose concentrations among different treatment groups; however, serum cholesterol and triglyceride concentrations at the end of the F1 phase were greater (P ≤ 0.05) in pigs fed the 60G-60F1 diets than those fed the 100G-100F1, 80G-100F1, and 80G-80F1 diets. At the end of the F2 phase, pigs fed the 60G-100F1 diets had similar total protein and albumin concentrations compared with those fed the 100G-100F1 diets, but pigs fed the 80G-80F1 diets had less (P ≤ 0.05) total protein and albumin concentrations than those fed the 100G-100F1 Table 5 . Effect of the degree and duration of early dietary AA restrictions on carcass traits, subjective meat quality scores, and internal organ weights at the end of the finisher-2 phase 100G, 80G, or 60G and 100F1, 80F1, or 60F1: diets formulated to contain 100, 80, or 60% of total Lys recommendation (NRC, 1998) during the grower (G) and finisher-1 (F1) phases, respectively. Pigs were fed a common diet during the finisher-2 (F2) phase.
2
Least squares means based on 6 pens containing 2 gilts or 2 castrated males/pen; G diets: 22.7 ± 0.3 to 50.6 ± 0.4 kg, F1 diets: 50.6 ± 0.4 to 79.9 ± 0.5 kg, and F2 diets: 79.9 ± 0.5 to 110.7 ± 0.5 kg. Initially, the HCW was included in the model as a covariate, and it was deleted from the final model if P > 0.10. diets. Dietary treatments had no effect on serum urea N, cholesterol, triglyceride, and glucose concentrations at the end of the F2 phase.
Physical and Sensory Characteristics of Pork
The dietary treatment had no effect on Warner-Bratzler shear force (Table 7) . However, cook loss seemed to be greater in pigs fed the 60G-60F1 diets compared with those fed the 80G-80F1 (P = 0.021) and 100G-100F1 (P = 0.028) diets, even though overall F-ratio was not significant (P = 0.096). Sensory scores for initial and sustained juiciness, initial and sustained tenderness, flavor intensity, and off flavor were not affected by the dietary treatment.
DISCUSSION
During the G phase, as the degree of dietary AA restrictions became more severe, ADG decreased linearly. In addition, ultrasound backfat thickness was greater in pigs fed the 60G diet compared with those fed the Table 6 . Effect of the degree and duration of early dietary AA restrictions on serum metabolites of pigs at the end of the grower (G), finisher-1 (F1), and finisher-2 (F2) phases (NRC, 1998) during the G and F1 phases, respectively. Pigs were fed a common diet during the F2 phase.
2 Least squares means based on 6 pens containing 2 gilts or 2 castrated males/pen; G diets: 22.7 ± 0.3 to 50.6 ± 0.4 kg, F1 diets: 50.6 ± 0.4 to 79.9 ± 0.5 kg, and F2 diets: 79.9 ± 0.5 to 110.7 ± 0.5 kg. Initially, the final BW was included in the model as a covariate, and it was deleted from the final model if P > 0.10.
3 Pooled SEM. 100G, 80G, or 60G and 100F1, 80F1, or 60F1: diets formulated to contain 100, 80, or 60% of total Lys recommendation (NRC, 1998) during the grower (G) and finisher-1 (F1) phases, respectively. Pigs were fed a common diet during the finisher-2 (F2) phase.
2
Least squares means based on 6 pens containing 2 gilts or 2 castrated males/pen; G diets: 22.7 ± 0.3 to 50.6 ± 0.4 kg, F1 diets: 50.6 ± 0.4 to 79.9 ± 0.5 kg, and F2 diets: 79.9 ± 0.5 to 110.7 ± 0.5 kg. Initially, the HCW was included in the model as covariate, and it was deleted from the final model if P > 0.10. 100G or 80G diet, indicating that the effort to depress growth performance and alter the body composition of pigs by the early dietary AA restrictions was successful. The results also indicated that the improved growth performance in pigs fed high-AA diets was associated with a greater accretion of lean and less fat (Chiba, 1994 (Chiba, , 1995 Chiba et al., 1999 Chiba et al., , 2002 . As would be expected, pigs fed diets with the greater AA content had improved feed efficiency compared with those fed diets with the reduced AA content. However, as the dietary AA restrictions became more severe, pigs consumed less Lys (and other AA) and utilized it more efficiently for BW gain, which can be attributed to the AA sparing effect associated with pigs fed a diet deficient in AA as discussed previously (Chiba et al., 1991) .
During the F1 phase, ADG in pigs fed the 60G diet increased when they were fed the 100F1 diet, and they seemed to grow faster than those fed the 100G-100F1 diets or other combinations of the G and F1 diets. The results indicated that the more severe the dietary restriction, the greater the BW gain after realimentation (Wilson and Osbourn, 1960) . However, the ADG in pigs fed the 60G-100F1 was not statistically different from those fed the 100G-100F1 diets. As expected, pigs fed the restricted diets continuously (80G-80F1 and 60G-60F1 diets) had less LysI and greater efficiency of Lys utilization for BW gain compared with those fed other combinations of diets.
During the F2 phase, there were no differences in growth performance among pigs subjected to different dietary treatments. Pigs fed the 60G-100F1 diets, which showed numerically greater ADG during the F1 phase, had similar BW gain, even though they had numerically greater G:F compared with pigs fed other combinations of diets. Consequently, after being subjected to severe AA restrictions earlier, pigs fed the 60G-100F1 diets were unable to attain the same BW as those fed the 100G-100F1 diets. Similarly, the results of some earlier studies indicated that pigs subjected to severe dietary restrictions were not able to fully compensate (Robinson, 1964; Prince et al., 1983; Wahlstrom and Libal, 1983) . However, Fabian et al. (2002) reported that pigs subjected to severe early dietary AA restrictions (as low as 5.0 g of Lys/kg during the G phase) compensated completely in terms of growth performance and body composition.
Although there were no statistically significant differences, pigs subjected to dietary AA restrictions during the G and F1 phases (80G-80F1) seemed to increase their feed intake (3,942 g/d) compared with those on other dietary treatments (average, 3,472 g/d) . Such an increased feed intake after realimentation has been observed in other studies (Owen et al., 1971; Bikker et al., 1996; Whang et al., 2000) . However, instead of increasing their feed intake, pigs fed the 60G-60F1 diets had numerically the least feed intake (3,282 g/d) during the F2 phase. The ADG of those pigs subjected to AA restrictions during both the G and F1 phases (i.e., 60G-60F1 and 80G-80F1 diets) was, however, similar to those fed the other combinations of diets during the F2 phase. Similarly, although some differences were observed at the end of the G phase, there were no differences in ultrasound backfat thickness at the end of the F2 phase among pigs fed various combinations of G and F1 diets.
During the entire grower-finisher period, pigs fed the diets containing 60% of the total Lys recommendation (NRC, 1998) during the G and F1 phases consumed less Lys and utilized it more efficiently for BW gain. However, they had decreased ADG, G:F, LM area, and LG compared with pigs fed other combinations of the G and F1 diets, indicating that the early dietary AA restrictions may have been too severe or too long or both for those pigs to exhibit compensatory growth responses, which agrees with the earlier finding (Prince et al., 1983) .
However, overall ADG for the pigs fed the 80G-80F1 diets was similar to those fed the 100G-100F1 diets, and these pigs utilized feed and Lys for BW gain and LG as efficiently as those fed the 100G-100F1 diets. However, pigs fed the 100G-100F1 diets had greater LG than those fed the 80G-80F1 diets. Therefore, those pigs fed the 80G-80F1 diets may have exhibited compensatory growth response in terms of the rate and efficiency of BW gain, but not in terms of lean accretion. However, other researchers reported that the differences in body composition associated with early protein or AA restrictions had almost completely disappeared by the time pigs reached market weight (Zimmerman and Khajarern, 1973; Campbell and Biden, 1978; Chiba, 1994 Chiba, , 1995 Fabian et al., 2002) , indicating that pigs subjected to the early dietary restriction compensated completely in those studies.
The diets used in this study were formulated to satisfy the nutrient requirements of pigs with 325 g of carcass fat-free lean per day during the grower-finisher phase (NRC, 1998) . Considering the LG potential of genotype used in this study (as high as 377 g/d for the 100G-100F1 group), it is likely that the NRC (1998) estimates were, perhaps, still inadequate in supplying necessary AA to pigs used in the present study. Therefore, it is possible that realimentation diets used in this study may not have contained a sufficient amount of AA. Earlier studies have indicated the importance of AA content of realimention diets on the ability of pigs to exhibit compensatory growth . Those studies, however, dealt with pigs with BW up to only about 30 kg. Furthermore, other studies with grower-finisher pigs indicated that there was no effect of dietary protein (Critser et al., 1995) or AA content (Chiba et al., 1999) of realimention diets on compensatory growth responses. Hogberg and Zimmerman (1978) reported that a lean-strain of pigs did not show compensatory BW gain and had a smaller LM area after a period of protein restriction, whereas an obese strain of pigs made partial or complete compensation in terms of the rate and efficiency of BW gain and body composition. These results indicated that genotype may affect compensatory growth. Chiba et al. (2002) also reported that lean-genotype pigs may be less tolerant of early dietary AA restrictions. It seems that pigs used in the present study may be considered as a lean genotype; thus, the genotype may have had an impact on their ability to exhibit compensatory responses. However, there are some reports indicating that pigs with distinct genotypes responded similarly to early dietary restrictions during the realimentation phase (de Greef et al., 1992; Chiba et al., 1999; Fabian et al., 2002) .
There were no differences in the subjective color and firmness scores among pigs fed different combinations of G and F1 diets. However, subjective marbling score was greater for pigs fed the 60G-60F1 diets compared with those fed other combinations of diets, which agree with the findings of other researchers (Castell et al., 1994; Cisneros et al., 1996; Blanchard et al., 1999) who reported that feeding protein-deficient diets can increase marbling. The metabolism of branched chain AA (Cisneros et al., 1996; Hyun et al., 2002) in pigs fed the AA-deficient diet during the restriction phases may have been responsible for the increased marbling score in the present study. However, as mentioned previously, overall growth performance of pigs fed the 60G-60F1 diets was reduced, which also agrees with the results of earlier studies (Castell et al., 1994; Cisneros et al., 1996; Blanchard et al., 1999) . Therefore, the possibility of avoiding growth depression by taking advantage of compensatory growth was not realized in the present study.
It is well known that the mass of metabolically active internal organs can be affected by the protein or AA content of the diets (e.g., Koong et al., 1983; Chiba, 1994) , and it has been suggested that compensatory growth response can be explained by alterations in internal organs (Bikker et al., 1996) . However, in the present study dietary treatment had no effect on the weight of metabolically active organs, which is in agreement with some earlier reports (Critser et al., 1995; Chiba et al., 1999; Whang et al., 2003) . It is possible that the compensatory growth response in the weight of organs may have occurred during the initial realimentation period, but organ weights were determined only at the end of the F2 phase in the present study.
Serum metabolite profile may be a reflection of changes in metabolic and physiological activities in response to dietary manipulations. Dietary manipulations are likely to affect the metabolite profile possibly through the modulation of enzymes associated with N and lipid metabolism (Clarke and Abraham, 1992; McNeel and Mersmann, 2000) . However, the effect of early dietary restrictions on various metabolites has not been fully elucidated. It has been suggested that serum total protein or albumin concentration can be used as an indicator of the adequacy of dietary protein content (Lowrey et al., 1962) .
At the end of the G phase, serum total protein and albumin concentrations decreased as the dietary AA restrictions became more severe, which agrees with the previous reports (Atinmo et al., 1976; Pond et al., 1980) . As expected, serum urea N concentration was less in pigs fed the 60G diet, which could be a reflection of reduced N intake. There were no differences in serum glucose and triglyceride concentrations at the end of the G phase, but serum cholesterol concentration was greater in pigs fed the 60G diet, which may be due to changes in the lipoprotein composition or transport or both that may be taking place in lipid metabolism, causing a hypercholesteromic effect in pigs (Pond et al., 1986) .
Serum total protein and albumin concentrations in pigs fed the 60G-100F1 diets were clearly less at the end of the G phase compared with those fed the 100G-100F1 diets; however, total protein concentration was similar between the 2 groups at the end of the F1 and F2 phases. Although it was still depressed, serum albumin concentration in pigs fed the 60G-100F1 diets seemed to be relatively similar to those fed the 100G-100F1 diets at the end of the F1 phase (4.76 vs. 4.46 g/dL). Mule et al. (2006) implied that pigs exhibiting compensatory growth after a period of dietary restrictions may show some indications of positive protein metabolism such as greater serum protein and albumin concentrations. During the G phase, ADG in pigs fed the 60G diet was clearly reduced, but when offered the 100F1 diet, those pigs had the greatest ADG during the F1 phase, even though it was statistically similar to those fed the 100G-100F1 diets.
At the end of the F1 phase, triglyceride concentration in pigs fed the 60G diet and cholesterol concentration in pigs fed the 60G-60F1 were greater, but there were no differences among treatments groups in ultrasound backfat at the end of the F1 phase or carcass backfat at the end of the F2 phase. As indicated before, there were no differences in overall rate and efficiency of BW gain between pigs fed the 80G-80F1 and 100G-100F1 diets. Pigs restricted to 80% of Lys recommendation (NRC, 1998) during the G and F1 phases, however, had lesser concentrations of total protein and albumin at the end of G, F1, and F2 phases than those fed the 100G-100F1 diets. These results, along with the LG data, may indicate that pigs fed the 80G-80F1 diets did not achieve compensatory BW gain through lean or protein accretion.
In the present study, the early dietary restriction had no effect on the physical and sensory characteristics of pork, which agrees with 1 report (Candek-Potokar et al., 1998) , but contradicts with other reports (Ellis et al., 1990; Warkup et al., 1990) . Cook loss seemed to be greater in the 60G-60F1 dietary treatment compared with other dietary treatments, although not statistically significant. It is possible that the reduced collagen in the muscles of pigs subjected to dietary restrictions (Candek-Potokar et al., 1998) may have led to a greater cook loss. Pigs fed the 60G-60F1 diets, which had a greater subjective marbling score compared with others, seemed to have, numerically, the least shear force values (3.56 vs. 3.63 to 3.88). Such a negative relationship between marbling and shear force values is in agreement with previous reports (DeVol et al., 1988; Ramsey et al., 1990) , implying that marbling is positively related to pork tenderness. Although sustained tenderness seemed to be the greatest in the 60G-60F1 treatment numerically, no clear trend in the initial or sustained tenderness was shown in the present study. Similarly, there was no effect of dietary treatment on juiciness or flavor of pork in the present study, which agrees with a previous study (Blanchard et al., 2000) . However, other studies, showed a positive correlation between marbling and juiciness (Fernandez et al., 1999; Heyer and Lebret, 2007) , indicating that beneficial effect of marbling on the sensory quality of pork is still rather controversial.
In conclusion, the results of the present study indicated that pigs fed the 80G-80F1 diets may have exhibited compensatory growth in terms of BW gain, but not in terms of lean accretion. However, overall growth performance and carcass traits of pigs fed the 60G-60F1 diets were clearly reduced, indicating that the AA restrictions may have been too severe or too long or both. Early dietary AA restrictions did not have any clear effect on physical and sensory characteristics of pork.
